Background. Pediatric hearing loss is an increasingly recognized problem with significant implications. Increasing our quantitative understanding of potentially modifiable environmental risk factors for hearing loss may form the foundation for prevention and screening programs.
Introduction
Pediatric hearing loss affects 1.1% to 19.5% 1-3 of children and has the capacity to negatively impact language development and psychosocial maturation. [3] [4] [5] [6] Even mild or unilateral hearing loss in school-aged children may result in significantly worse quality of life, developmental delay, and compromised academic performance. [7] [8] [9] [10] In addition, childhood hearing loss may be associated with longstanding consequences, including lower graduation rates and an increased risk of unemployment. 8, 10, 11 Pediatric hearing loss may be attributed to genetic mutations, environmental factors, or idiopathic causes. 12 Among environmental exposures, some are clearly established but may occur by necessity, such as treatment with cisplatin, gentamicin, or extracorporeal membrane oxygenation. 13, 14 Others are challenging to prevent, such as cytomegalovirus infection, low birth weight, or meningitis. [15] [16] [17] There are, however, a subset of environmental risk factors that may be more readily modified, such as noise exposure and exposure to tobacco smoke. [18] [19] [20] [21] [22] Modifying risk factors according to specific goals has proven to minimize morbidity from multiple life-altering conditions. In primary care, for example, risk of ischemic stroke is decreased by targeting a goal blood pressure below 140/90 mmHg (with lower targets in some subgroups) via primary prevention strategies such as limiting daily sodium intake to 4 grams and encouraging 30 minutes of daily aerobic exercise. 23 Likewise, risk of coronary artery disease may be mitigated by achieving a blood pressure less than 120/80, cholesterol \200 mg/dl, and eliminating smoking. 24, 25 These high-impact, target-specific preventive measures suggest the potential for a parallel utility with hearing loss.
In order to apply such goal-specific prevention for hearing loss, we must first understand exactly what desired targets might be. While it has been suggested that exposures such as tobacco, heavy metals, noise, nutritional deficiencies, and low socioeconomic status are associated with pediatric sensorineural hearing loss (SNHL), data are mixed and specific targets goals are not widely accepted. Understanding the current best evidence regarding risk associated with specific exposure levels would facilitate future inquiries regarding specific preventative regimens. In addition, it may provide interim guidance in providing counseling to families that is of more utility than generalized statements such as ''avoid loud noises,'' in the same way that advising patients toward a blood pressure of 120/80 is more meaningful than simply stating ''keep your blood pressure down.'' With these concepts in mind, we performed a systematic review with the overarching goal of evaluating potentially alterable exposures to determine what specific metrics are associated with early onset hearing loss. Systematic reviews provide a rigorous method to evaluate the current best evidence regarding a specific clinical question and are among the highest level of evidence available. [26] [27] [28] Given the quantity of data involved, this systematic review is presented in two parts. This installment focuses on the risk factors that may be modified at the personal level, specifically tobacco and noise exposure. A sister article focuses on risk factors that are more likely to require societal-level changes for modification. 29 
Methods

Search Strategy
Computerized searches were performed to identify all relevant data. At the outset, a screening computerized PubMed search of MEDLINE (1966 to February 2013) was performed to obtain studies assessing risk factors for hearing loss in children in overview. Articles mapping to the medical subject heading hearing loss (exploded) or contained hearing loss in the title were collected into one group. Next, articles mapping to the medical subject headings risk factors (exploded) or longitudinal studies (exploded) or containing the keywords risk or prospective were collected in a second group. Articles that mapped to the medical subject headings child, infant, adolescent, or pediatrics (all exploded) or contained these terms in any field collected into a third group. The 3 groups were cross-referenced and limited to those with human subjects and English language. The studies were then evaluated for those that utilized the word cohort and did not focus on cochlear implant recipients. This initial computerized search yielded 2942 studies, which were reviewed ( Figure 1 ) to select variables for the more formal systematic reviews described in the following and in the sister article.
A subsequent computerized search of PubMed, Embase, and the Cochrane Library (inception to August 2013) was performed, which focused on the specific areas of personally modifiable environmental risk factors. Within PubMed, articles mapping to the medical subject heading hearing loss (exploded) or contained hearing loss in the title were collected into one group. Articles that mapped to the exploded medical subject heading tobacco smoke or the title, abstract, or keyword noise were collected into a second group. Articles mapping to the medical subject headings or keywords child, infant, adolescent, or pediatrics (all exploded) were collected into a third group. The 3 groups were then cross-referenced and limited to those with human subjects and English language. Studies that focused on the outcomes of cochlear implant recipients were not included. Parallel searches were performed in Embase and the Cochrane library. Among 4 independent reviewers, each search was completed in duplicate for corroboration. This search yielded 4295 studies, including overlap among individual searches.
The titles of the studies obtained from these combined search methods were evaluated according to the a priori inclusion/exclusion criteria described in the following. This title review yielded 365 potential abstracts, which were reviewed in more detail according to the same criteria. Subsequently, 132 full articles were evaluated against a priori criteria in detail (Figure 1 ).
Inclusion and Exclusion Criteria
The articles identified by the computerized search strategy described previously were evaluated to identify those that met the following inclusion criteria: (1) study participant age entirely or predominantly 18 years or younger, (2) personally modifiable environmental risk factors for permanent hearing loss evaluated (tobacco, noise), (3) comparison between exposure to environmental risk factor and no/minimal exposure, and (4) hearing loss clearly defined (mild, moderate, severe or profound; unilateral or bilateral). Articles were excluded if (1) adults and pediatric data were combined such that pediatric data could not be reviewed distinctly; (2) age at the time of analysis was not described;
(3) pediatric data were presented in a nonanalyzed subgroup as part of a primarily adult study; (4) solely nonpermanent hearing loss was assessed, such as hearing loss from acute otitis media, otitis media with effusion, or recent temporal bone fracture; or (5) hearing loss was not clearly defined, such as parent surveys to assess possible hearing impairment of their children without accompanying audiological measurements.
Data Extraction
Data extraction was focused on items relevant to the study results, potential sources of heterogeneity among those results, and study identification (author, year of publication, full reference citation). Extracted data included (1) the number of subjects in each group, (2) the number/percentage with hearing loss in each group, and (3) the P-value, confidence interval, or descriptive statistics reported. In addition, potential sources of heterogeneity among studies were included: (1) age at outcome of measurement, (2) definition of environmental risk factor assessed, (3) definition of any relevant control group, (4) audiological criteria used for stratification of data, and (5) study design. Independent reviewers evaluated data in duplicate using standardized tables. For studies emanating from a common database, the sample size from the study with the largest number of subjects was utilized toward the total patient count estimate, so as to avoid duplicate counts.
Quantitative Data Analysis
The primary outcome measure was risk of hearing loss in childhood and adolescence with exposure to tobacco or noise. An a priori plan was made to perform a meta-analysis if the data were appropriate, meaning that study designs and outcome measures had sufficient homogeneity. The data, however, ultimately proved too heterogeneous for a pooled analysis.
Results
Study Characteristics
These search criteria yielded 38 criterion-meeting papers with 50,651 subjects (accounting for overlapping study populations). Reports related to tobacco and noise exposure included 20 cross-sectional studies, 9 cohort studies, 3 longitudinal follow-up studies, 2 case-control studies, 2 retrospective reviews, 1 cluster-randomized controlled trial, and 1 case series. Exposure to a given risk factor was assessed by quantitative measurements in 6 studies and by self-report in 32 studies.
Impact of Tobacco Exposure on Pediatric Hearing Loss
Three cross-sectional studies 9,30,31 and 1 cohort study 32 assessed the risk of pediatric hearing loss with tobacco exposure. All 4 studies examined prenatal tobacco and neonatal hearing, while 1 publication addressed the effect of secondhand smoke.
Secondhand Smoke Exposure
Data from the National Health and Nutrition Examination Survey (NHANES) 2005-2006 (n = 1533) study showed a higher prevalence of unilateral and bilateral hearing loss among adolescents who had secondhand smoke exposure (identified via serum levels of cotinine, a nicotine metabolite) as compared to unexposed youth (11.82% vs 7.53%, P = .04; Table 1 and see appendix at www.otojournal.org). 9 Cotinine levels associated with increased risk were as low as ''detectable'' to 0.0876 mg/L. Furthermore, when exposure was stratified into quartiles, higher serum cotinine was significantly associated with unilateral low frequency hearing loss (P = .02).
Prenatal Smoke Exposure
Two studies evaluated the impact of prenatal smoke exposure on hearing in adolescence ( Table 2 and see appendix at www.otojournal.org). One study demonstrated a trend toward a higher risk of unilateral low frequency hearing loss (mean 0.5, 1, 2 kHz) with prenatal smoke exposure in NHANES participants 12 to 15 years of age (16.8% vs 6.4%, P = .11). 9 The NHANES 2005-2006 data set was also evaluated in a more recent cross-sectional study, which demonstrated significantly worse pure tone hearing in adolescents with a history of prenatal smoke exposure (worse hearing ear at 2 and 6 kHz, right/left mean at 6 kHz). 31 Both studies defined sensorineural hearing loss as pure tone thresholds .15 dB with normal otoscopy and tympanometry, but the former evaluated multiple frequencies grouped together, while the latter analyzed single frequencies in isolation. Two neonatal analyses also demonstrated a significant impact of prenatal smoke on cochlear function as measured by transient evoked otoacoustic emissions (TEOAE). One cross-sectional study of 418 neonates showed a statistically significant negative impact of smoking during pregnancy on TEOAE, with even the lowest exposure level (1 to 4 cigarettes per day) associated with worse hearing than with no exposure (P \ .001). 30 There was not an overt dosedependent response, as there were no significant differences among the low, medium, and high exposure groups. The second study (n = 200 neonates) also demonstrated a lower TEOAE mean response overall and at 4000 Hz specifically (P = .001). 32 This difference was observed in even the lowest exposure group of less than 5 cigarettes daily (P = .01) and persisted as the intermediate and higher dose groups were compared to the nonsmoking group (P = .01, .04). Again, increasing the dose of tobacco exposure did not further increase the impact on hearing among those who were exposed.
Impact of Noise Exposure on Pediatric Hearing Loss
Sixteen cross-sectional studies, 9 cohort studies, 3 longitudinal follow-up studies, 2 case-control studies, 2 retrospective reviews, 1 cluster-randomized control trial, and 1 case series assessed the impact of noise exposure on pediatric hearing loss.
Personal Listening Devices
Two studies demonstrated a significantly increased risk of hearing loss with personal headphone usage and specified a threshold of concern. One large cross-sectional study of adolescents (n = 1294) suggested that more than 4 hours per week of ''loud music through headphones'' was associated with a significantly increased risk of hearing loss (prevalence 22.5% vs 15%, P = .03). 33 A second, smaller, crosssectional study (n = 490) showed significantly elevated hearing thresholds in adolescents who reported using portable music players for .5 years, as compared with students with no portable music usage. 34 One cross-sectional analysis (n = 177) attempted to quantify an at-risk volume of personal listening devices. Each subject's preferred listening volume was evaluated and translated into an associated 8-hour equivalent continuous sound level; there was a positive correlation between total sound exposure and elevated hearing thresholds at 2 extended high frequencies (11.2 and 14 kHz), but a threshold value for concern was not reported. Of note, this study also found that subjects who tended to listen to louder music also listened for longer duration (P = .012). 35 Two cross-sectional studies concluded that although there was a significant association between headphone usage and hearing loss, the specific number of hours with a personal listening device did not make a definitive difference. The first study evaluated adolescent females of low socioeconomic status (n = 2698, mean age 15.8 years) and demonstrated a significant relationship between daily personal listening device usage and high frequency hearing loss. Listening for more versus less than 3 hours daily, however, did not result in a dose-dependent response. 36 The second analysis focused on children 7 to 11 years of age (n = 5278) and showed a significant association between personal stereo usage and sensorineural loss (PTA 16-40dB at low or high frequencies). The number of hours of listening, however, was not different between the SNHL and normal hearing groups. 37 One cohort study (mean age 15.8 years) 38 and 2 longitudinal studies 21, 39 found no significant correlation between frequent personal stereo use and hearing acuity.
The specific details of the aforementioned studies are presented in Table 3 and the appendix at www. otojournal.org.
Concerts, Discotheques, and Ambient Loud Music
Four cross-sectional studies, 2 longitudinal studies, and 1 cohort study explored associations between hearing loss and visits to loud environments, such as discotheques and concerts, with 1 study delineating a threshold value of concern. In a cross-sectional study of 14-to 15-year-old students (n = 1294), those with 4 or more visits per month had a significantly higher risk of hearing loss, as compared to those with less exposure (24.5% vs 15.0%, P =.027). 33 Visits exceeding 4 hours duration trended toward worse hearing, but were not significantly different. A longitudinal followup study (n = 106 adolescents) stratified risk with a more generalized measure of exposure frequency and found that those with hearing loss were significantly more likely to self-report ''medium'' as opposed to ''rare'' or ''no'' total music exposure (P \ .001, girls and boys), ''medium'' to ''frequent'' live concert attendance (P \ .06, boys), ''frequent'' attendance at discos (P \ .009, girls), and ''high'' exposure to music at home (P \ .012, girls). 21 Three other studies demonstrated a significant association between concert/discotheque noise exposure and pediatric hearing loss but did not report specifically delineated levels of exposure. One cross-sectional study (n = 214, 14-19 years old) demonstrated a statistically significant association between concert attendance and hearing loss. 40 A small prospective cohort (n = 14) demonstrated significant high frequency hearing loss after repeated controlled exposures to live rock-and-roll music, but also noted that hearing thresholds had improved at the 5-month follow-up. 41 Another longitudinal study demonstrated significant hearing changes correlated with frequent discotheque attendance over a 12week period. 39 One cross-sectional study (n = 872) found no significant association between amplified music exposure and hearing loss (odds ratio [OR], 0.81, 95% confidence interval [CI], 0.57-1.15), but did find a difference associated with other noise exposure. 42 A second cross-sectional study (n = 500) observed no statistically significant correlation between attending .10 pop rock concerts and hearing thresholds among military conscripts. 43 Additional specific details of these studies are presented in Table 4 and the appendix at www.otojournal.org.
Farms, Airports, School Workshops, and Urban Environments
Farm youth were evaluated in 2 studies that both demonstrated a significant impact on hearing. One cross-sectional study showed that 12 to 19 year olds (n = 872) actively involved in work on a modern mechanized farm had an increased prevalence of mild hearing loss and early noiseinduced hearing loss. 42 An observational cohort compared children of families living on a farm (n = 204, ages [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] with adolescents in NHANES 1988-1994 and demonstrated significantly worse hearing (high frequency and any type) in the farm youth. 44 One retrospective cohort study and one case-control study both suggested that living or attending school close to an airport was associated with pediatric hearing loss. 44, 45 The cohort study (n = 379) demonstrated significantly worse standard pure tone average, high pure tone average, and threshold at 4 kHz in children with frequent exposure to aircraft noise (20 flights overhead daily) as compared with age-matched controls. 45 The case-control study similarly suggested an association between aircraft noise exposure and high frequency hearing loss in youth, but findings were not statistically significant. 46 A cross-sectional study (n = 3322) demonstrated no significant difference between the incidence of bilateral sensorineural and mixed hearing loss in elementary and high school students living near airports, as compared to population averages. 47 Similarly, a retrospective cohort (n = 200) showed no significant association between hearing loss and living in neighborhoods in close proximity to an airport. 48 Noisy workshops and urban environments were evaluated in 2 reports. One cross-sectional study of adolescents (n = 214) demonstrated a statistically significant relationship between participation in noisy school workshops and hearing loss. 40 One retrospective cohort (n = 194) compared auditory brainstem responses in boys who lived in urban and rural environments and demonstrated no significant differences in peak or interpeak latencies. 49 Additional specific details of these studies are presented in Table 5 and the appendix at www.otojournal.org.
Impulse Noises
Four studies demonstrated an association between sensorineural hearing loss and exposure to impulse noises, such as firearms and firecrackers. One study quantified exposure via time spent in the military; youth (n = 39) had significantly worse median thresholds, particularly in the right ear, 50 after exposure. A retrospective cohort study quantified frequency and duration of firearm exposure with respect to hearing loss and demonstrated that 17.6% (12/68) of adolescents had noise-induced hearing loss. Only males were affected; 11 of these subjects noted frequent gun use (4 times per month) and used firearms for a mean of 1.3 years longer, suggesting a potential association between gun use and noise-induced hearing loss (no statistical testing of a null hypothesis was reported; post hoc P = .087, Fisher's exact). 51 Two studies proposed a relationship between impulse noises and hearing loss but did not quantify the quantity or duration of firearm or firecracker exposure. One retrospective chart review (n = 53) showed that the majority of children had persistent high frequency hearing loss 6 to 12 weeks after exposure to firecrackers and toy cap pistols. 52 A cluster analysis of a cross-sectional study (n = 282) suggested that exposure to impulse noises such as firecrackers and explosives may potentiate a 4 kHz worsening and/or high tone deafness. 53 One cross-sectional study (n = 500) and one longitudinal study (n = 50) failed to observe a significant relationship between frequent impulse noise exposure and hearing thresholds. 39, 43 The specific details of the aforementioned studies are presented in Table 6 and the appendix at www .otojournal.org.
In Utero Exposure
Two studies differed in their respective assessments of in utero noise exposure and early onset hearing loss ( Table 7 and appendix at www.otojournal.org). A cross-sectional study (n = 131) found mothers exposed to frequent loud occupational noise during pregnancy were approximately 3 times as likely to bear children with high frequency hearing loss as compared with unexposed mothers (P \ .01). 54 In contrast, a case-control study found no differences in the response amplitude of distortion product otoacoustic emissions or background noise between control and study groups, suggesting that exposure to occupational noise during pregnancy does not affect the hearing of children born from exposed mothers. 55 The women in this study all wore hearing protection and worked through their eighth pregnant month.
NHANES
Cross-sectional studies of data from the National Health and Nutrition Examination Surveys (NHANES) were described in 4 reports. The earliest (1998) evaluated NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and showed no association between either low or high frequency hearing loss and personal headphone use or exposure to loud noise within the prior 24 hours. 2 A second study (2001) focused on NHANES III and described a noise-induced threshold shift (NITS) according 3 yrs Among students exposed to frequent farm noise, those exposed to a hearing conservation program reported more frequent use of hearing protection devices, but there was no evidence of reduced levels of noise-induced hearing loss.
-Schools were units of randomization to audiometric criteria. 22 Subjects 12 to 19 years old were found to have a significantly higher prevalence estimate of NITS than children 6 to 11 years of age, suggesting a possible role of environmental noise, but subjects were not specifically assessed for a defined exposure. The third study (2010) used data from both NHANES III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and NHANES 2005-2006 and assessed the latter for an association between NITS and history of exposure to firearms or history of loud noise for .5 hours per week in adolescents. 56 No significant association was demonstrated on multivariate analysis.
The fourth study (2011) utilized the same data sets and reiterated that there was no association between NITS and history of exposure to firearms or history of loud noise for .5 hours per week and that there was no association with headphone usage or loud noise exposure within the last 24 hours. 19 
Combined Noise Exposures
Multiple studies explored loud noise exposures from conglomerated or undefined sources (see Supplemental Table  S1 appendix at www.otojournal.org). 2, 3, 19, 21, 37, 39, 43, [56] [57] [58] [59] [60] The largest study demonstrated a trend toward an association with hearing loss. Additional study results were mixed, and more studies reported no association between hearing loss and this more broadly defined exposure category, 21, 39, 43, [58] [59] [60] [61] although sample sizes were frequently limited.
Ear Protection
Four studies described the concurrent impact of ear protection on hearing loss in secondary analyses. 19, 21, 38, 42, 43, 62 One cluster-randomized control trial showed that participation in a hearing conservation program resulted in significantly increased usage of ear protection but did not demonstrate reduced levels of noise-induced hearing loss at the 3-year follow-up in adolescents exposed to farm noise. 62 In another study of farm youth, ear protection was nearly significantly associated with reduced odds of noiseinduced hearing loss (OR, 0.61; 95% CI, 0.34-1.09). 42 Meanwhile, a longitudinal follow-up study demonstrated similar hearing protection rates among subgroups with large and small hearing threshold shifts. 21 A cohort study specified that their occupational noise exposure variable was considered positive only if no ear protection was utilized. 38 Two studies investigated whether certain subgroups of children were more likely to utilize ear protection. One cross-sectional study showed that youths exposed to firearms were more likely to use hearing protection regularly. Females were significantly less likely to use hearing protection but also had significantly less noise exposure. 19 A cross-sectional study indicated that among study participants who reported noisy educational (training for a future noisy job, e.g., car mechanic) or professional environments, approximately 40% reported seldom or never using hearing protection. 43 
Discussion
Tobacco and noise exposure are personally modifiable risk factors that have a demonstrated negative impact on hearing loss in the pediatric population.
Tobacco Smoke
Nearly all relevant data suggest that even low levels of passive tobacco exposure, both in utero and obtained as secondhand smoke in childhood, pose a risk for pediatric SNHL. 9, [30] [31] [32] Thus, reduction without cessation appears insufficient to eliminate tobacco-associated risk both during pregnancy and afterward. Pregnant women may be advised that tobacco exposure as minimal as 1 to 4 cigarettes per day is sufficient to increase the risk of bearing a child affected by hearing loss. Parents may be counseled that there is a nearly twofold increase in hearing loss among adolescents exposed to secondhand smoke. Overall, the target with regard to prevention of hearing loss is thus ideally set at complete cessation, based on the currently available data.
There are limitations in these tobacco-related studies. The 4 analyses that assess maternal smoking all rely on self-report, subjecting these data to recall bias. Also, passive maternal exposure to tobacco smoke could not be assessed, and mothers who reported not smoking during pregnancy might have had secondhand smoke exposure, potentially altering results in the control group. In addition, an assessment of serum cotinine levels to determine secondhand smoke exposure was limited to a measurement in a single moment in time; the duration of secondhand smoke exposure was not known.
It has been suggested that tobacco exposure may negatively affect inner ear function via microvascular compromise and induced hypoxemia, among other possible causative mechanisms. [63] [64] [65] In addition, secondhand tobacco smoke exposure in childhood or prenatal tobacco exposure have collectively been linked to many adverse health consequences, 9, 31, [66] [67] [68] [69] such as sudden infant death syndrome 66 and behavioral/cognitive problems. 70 Thus, beyond mitigating the associated risk to hearing, there are multiple benefits of complete cessation.
Noise
The most specific noise data suggest that we may counsel families that the following threshold exposures have been significantly associated with an increased risk of hearing loss in youth: (1) more than 4 hours per week or more than 5 years of personal headphone use, (2) more than 4 visits per month to a discotheque, (3) residing on a mechanized farm, and possibly (4) 1 year of military service. In addition, even single exposures to impulse noises such as firearms and firecrackers may result in audiological deficits. Data regarding in utero exposure and aircraft noise are mixed.
There are limitations in these noise-related data. The vast majority of studies determined exposure via patient/family questionnaire, with attendant potential for recall bias. Also, noise-induced hearing loss was defined inconsistently among studies, with varying frequency and threshold values of concern. In addition, the majority of studies did not report on the use of hearing protection, which is a potential key confounder.
Loud noise has the capacity to damage the cochlea, 22, 52, 59 which may occur in ways that are not immediately detectable with clinical audiometry. Mammalian studies have shown that even when reversible hearing loss occurs, there is residual loss of afferent nerve terminals and delayed degeneration of nerve after intense noise exposure. 71, 72 In addition, early-age noise exposure, while not necessarily resulting in threshold shifts, potentiated subsequent inner ear damage in an animal model. 72 Thus, real but subclinical damage may occur, potentially offering a mechanism for some of the mixed results within this systematic review.
There may also be additional factors that are effect modifiers of the impact of noise on hearing. Certain subgroups may thus be substantially affected by noise, while others' hearing remains normal even after identical exposures. Biassoni et al 21 reported that some children had ''tender'' ears that were ''easily damaged'' by noise that would cause no change in children with ''tough'' ears, demonstrating significant differences between groups. While other studies did not mathematically evaluate this concept, some reported suggestive data. Two additional studies showed significant hearing losses in small subgroups of exposed children: One case series highlighted 5 pediatric patients who developed pure tone thresholds of 55 to 70 dB at 4 kHz. 59 Another reported that a ''few'' children working with farm equipment had a ''substantial decline.'' 62 When an effect modifier is present in a small subgroup, its impact may be diluted when evaluating a larger study population, which may also account for some of the mixed results in this data set.
The data regarding hearing protection are both limited and mixed. According to 1 report, nearly 99% of adolescents do not use hearing protection when exposed to loud music. 73 A recent prospective pilot prevention program for children demonstrated that multiple-segment, interactive interventions resulted in sustainable changes in listening behavior. 74 Furthering our understanding of such preventive strategies may ultimately improve our ability to counsel families toward better hearing health.
Potential Interaction between Tobacco and Noise
While these pediatric data have not focused on whether tobacco smoke and noise act synergistically to potentiate hearing loss, adult studies have suggested that concomitant exposure may increase risk. A cross-sectional study of adult metal workers suggested that those with tobacco and noise exposure had hearing loss exceeding a simple additive effect. 75 Another cross-sectional adult study suggested a trend toward worse hearing in smokers with occupational noise exposure (OR, 1.85, 95% CI, 1.33-2.57) than in smokers without noise exposure (OR, 1.53, 95% CI, 1.03-2.29). 76 Additional studies found that noisy work environments significantly increased risk if subjects also smoked. 77, 78 Interaction as potential effect modifiers in multivariate models has been studied with a significant association in a cross-sectional study of Japanese metal workers 79 but not among an observational incidence cohort of Australian adults. 80 If a synergistic interactive effect exists in the pediatric population, then clubs and other environments where both may be present in a closed space would be of increased concern.
Conclusions Specific threshold analyses of personally modifiable risk factors are limited. Future studies may focus on the impact of specific levels of exposure in order to provide actionable preventive guidance for children and families. Such preventive measures may ultimately preserve more audiological health than current interventions. Identification of susceptible subgroups may also guide future screening programs.
